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ABSTRACT

This position paper describes ongoing work on an agent-based
approach to searching for information on the World Wide Web
(WWW). The reasons why current searching techniques are
inadequate and the rationale for using an agent-based approach
are briefly presented. A discussion of the architectural design of
an agent-based searching system is given. The system has been
simulated in order to try out various agent interaction strategies.
The results of the simulation have influenced the design of a
prototype implementation, which is also described.
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1.INTRODUCTION

The current means of locating information on the WWW
relies on the use of centralised indices known as “search
engines’ . These engines attempt to maintain the currency of the
information they hold by a variety of means based on spiders,
wehcrawlers etc.[5] These indices are then queried by users to
find information on a particular topic. The use of centralised
indices means that these machines form a bottleneck when
attempting to locate information. The size of the indices and the
processing power required to service search requests, coupled
with the ever increasing size of the data corpus to be indexed
casts some doubt on the ability of the search engines' technology
to continue to cope [1].

At any one time, any given search engine is estimated to
cover no more than 40% of the web in its database[1] [8]. To
perform an exhaustive search requires the user to employ several

search engines and to assume that each one has access to a
different 40%

To remove the bottleneck phenomena, the index needs to be
decentralised (distributed) in the same manner that the raw
information is. The growth in interest in mobile agent systems
[6],[11] leads the authors to suggest that one possible means of
achieving this is by using mobile agents to wander the web (in a
directed fashion rather than random “wandering” however)
seeking the information on behalf of the user. In order to avoid
pointless random wandering, some means of directing an agent
towards the information it seeks is required.

The proposed scheme (termed the AgentSeek system)
involves three separate types of mobile agent - “ferrets’,
“publicists” and “ gurus”

2.DISTRIBUTED INDEXING
2.1 What isa Distributed I ndex?

In adistributed indexing scheme, each website is responsible
for maintaining its own index - i.e. a list of URL’s against
subject. The process of producing the index could be manual, but
a more satisfactory approach would be to automate this. Thus
each webserver maintains a small part of the overall index.

2.2Why Doesit Solve the Problems?
Asadistributed index is not held at a central point, the search
requests from the whole Internet are not concentrated in one
portion of the network and thus the problem of bottlenecks can be
avoided. Since the re-indexing process is local, it can be
performed under the control of the site creator as often as
required. This means that the currency of the index can be much
better. Shifting the onus of the indexing task to the information
provider should present no problem on the basis that having
bothered to place the information on the web, the site creator
presumably wants to ensure that it can be found. Coverage should
therefore improve to the extent that website creators want it to.

2.3How Doesa Distributed Index Work?
Anindex is, in essence, a centralised point of reference. How

can an index be distributed without encountering the very same

problem it is designed to solve - where do you look for the



required piece of the index?

This is where mobile, collaborative agents come in. At the
simplest conceptual level the AgentSeek agents are pieces of
code that traverse the Internet looking at the indexes to find the
right information. They (hopefully) meet other agents looking
for the same thing and share knowledge. The details of how and
why this scheme works form the following sections.

3.PERFORMING DISTRIBUTED INDEX-

ING WITH AGENTS

Before fully describing the searching algorithm, it is
necessary to describe something about mobile agents as
implemented in the AgentSeek system. AgentSeek is
implemented on top of a mobile agent system known as

AgentSpace[3].

3.1 What isan Agent?

An AgentSpace agent is a piece of mobile code [11] [6] and
associated data which can move itself from one machine to
another. In fact it is a mobile object (in the object oriented
sense). Each agent has a unique identifier or “ handle’ which
can be used to locate and communicate with the agent at any
time.

An agent can only exist on machine that is running a piece
of software known as an agentserver. Agentservers accept
agents to “live” in their address space. Collectively the spaces
are known as agentspace. Agents can move from one agent
server to another (following either a set itinerary or learning
their route as they go) forming a web of agentservers which is
the mirror of the information (hypertext) web.

In the AgentSeek system an agentserver is associated with
each participating webserver. In fact AgentSeek has its own
built-in  webserver. Associated with each website (or
agentspace) is asite index - effectively alist of the pages on the
site and which subject each pagesis about.

3.2 Ferrets, Publicistsand Gurus

Agents represent real people or organisations in cyberspace.
They are able to autonomously act on behalf of their human
counterparts and can negotiate with each other in order to
achieve their goals.

Three types of agent are required by the AgentSeek system;
“ferrets’ which seek for information providers and advertise the
location of information consumers, “ publicists” which advertise
the location of information providers and seek information
consumers and “gurus’ which facilitate encounters between
ferrets and publicists. Ferrets and publicists have “interests” i.e.
details of the subject area they are seeking or publicising. The
missions of the ferrets and publicists are identical - simply to
meet agents of the opposite type with the same area of interest.
Whether they are seeking or publicising is irrelevant. Gurus do
not represent anybody - they are the “ memory” of the system -
having knowledge of other agents.

Users looking for information (web searchers) send ferrets
out “around the web” . People providing information (web site
creators) send publicists out “around the web”

Therole of the guru agentsis to engender meetings between
agents with similar interests, be they ferrets or publicists. They
achieve this by remembering the handles and interests of agents
they have met and pass them on to any agents the guru meets
with similar or related interests.

When an agent arrives in an agentserver it talks to a (static)
space manager agent to find out what other agents are present in
that space. It then interacts with each of those other agents -
finding out their interests. If it meets with an agent with similar
interests, it can exchange details and amend its itinerary
accordingly. The details exchanged can be addresses of web
pages it has found and the addresses of siteswhereit islikely to
meet more like minded agents or the agent handle of other
agents it should attempt to contact. An agent can contact
another agent directly (using the AgentSpace messaging service
once it has the target agent’s handle.

The interaction (or dialogue) between agents is at the core
of the system. The mobility, data carrying and processing
facilities of the agents are all provided by the underlying agent
authoring system (AgentSpace). It is in the interaction (or
dialogue) between agents that the key functionality of the
system lies.

3.3 Indexing with Agents

The means of producing the index for a website is beyond
the scope of this paper as it is irrelevant to the operation of the
ferrets, publicists and gurus. One possible approach is to use a
fourth type of agent - an indexer - which implements some form
of automated classification scheme.

The classification scheme too, is irrelevant to the operation
of the agent population. The whole issue of ontology - the idea
of agents having acommon means of describing their interests -
is the subject of much research [9]. Current work on
AgentSpace instead has concentrated on the problem of getting
the agents moving around and meeting.

AgentSeek (or at least its next implementation) could draw
on severa areas of existing technology for it classification
scheme (means of describing aweb page’ s subject or an agent’s
area of interest):

i) Thecurrent implementation uses the Dewey Decimal
system. Automated Dewey classification could be built
into an indexing agent.[7]

ii) The keyword approach could be adapted from existing
search engines

iii) Automated understanding of text (sense tagging) could
provide a framework for describing subject areas

iv) More intelligent indexing schemes could be based on
describing the areas of interest in XML or some associ-
ated metadata format.

3.4 Searching with Agents

The way the system achievesits goal of locating webpages
for users is best explained by considering how the agents
behave when only some of the components of the population



are in place and then adding other components and examining
the dialogue between them

3.4.1 Systemwith just Ferrets

The simplest (and prohibitively inefficient) case is that
where ferrets move from agentspace to agentspace looking
directly at each index and returning to their human master when
any relevant pages have been found.

At a practical level ferrets can be launched on their way
from either a command line based interface or, more
comfortably, from a web page which takes its inspiration from
the current search engines interfaces'.

In this scenario, the ferrets' itinerary must be preset, as they
have no means of learning where to go. Theoretically they
would just be given a list of al known agentservers and it is
apparent that given sufficient time they would traverse every
server finding every relevant page.

3.4.2 Systemwith Ferrets and Publicists

A more complex (but still impractical) system is that with a
population of both ferrets and publicists. In this scenario, ferrets
interact with the publicists. Publicists are launched knowing
about a set a pages on a given area of interest. Again preset
itineraries are required. By relying simply on chance encounters
and allowing sufficient time, ferrets and publicists with similar
interests will meet and be able to exchange information about
the location of the relevant web pages.

Two different types of publicist exist; “sdfish” and
“altruistic” . Selfish publicists when interacting will pass on
only details of the website they were sent out to advertise,
“atruistic” publicists will pass on details of all the sites they
know of about their particular topic.

3.4.3 Systemwith Ferrets, Publicists and Gurus

It can be seen that the problem of reducing the time taken to
perform a search to practical proportions is one of population
density - How many agents are required to be navigating around
how many sites in order to increase the probability of sufficient
like minded agents meeting (thus alowing sharing/learning of
information) in areasonable timescale?

3.4.4 Interaction Strategies
Several different agent itinerary modification strategies
(interaction strategies) are possible:

i) ferret-ferret interactions - When two ferrets seeking the
same topic meet, they can exchange details of sitesthey
have found matching the topic.

ii) ferrets- publicistsinteract - When aferret and publicist
with an interest in the same topic meet, they will
exchange details of sites they have found matching the
topic.

iii) publicists - publicist interactions - When two publicists
advertising the same topic meet, they can exchange
details of sites they are aware of matching the topic.

iv) any combination of the above behaviours

A successful interaction strategy is likely to use indirection
to engender “ small-world” effects (described by Strogatz [12])
and utilise them to minimise the number of interactions required
to locate information on a given topic.

4. PROGRESSIN IMPLEMENTING THE
SOLUTION

At the time of writing, AgentSeek exists in prototype form
only. Its development has been informed by results of using a
simulation of the algorithm. This section describes both
simulation and prototype.

4.1 The Simulation

That the system outlined in the previous section has the
emergent property that it alows like-minded ferrets and
publicists to meet given infinite time to wander around is self
evident. Severa questions then arise such as:

« How many ferrets, publicists and gurus are required in a
population of agents to improve to a useful level the
chances of appropriate ferrets and publicists meeting and
exchanging information in a useful timescale?

« What interaction strategy should be adopted by the agents
to maximise their searching capabilities.

In order to gain some understanding of the answers to these
questions the AgentSeek system has been simulated by asimple
(C++) program that;

e represents the servers as a collection of nodes
« has each node flagged as possessing a topic or not

¢ has anumber of ferret and publicist objects present at each
node

The model isinitialised by choosing:

¢ the number of nodes
¢ the percentage of those nodes with a topic present

« thenumber of ferretsin the system, each of which isgiven a
random starting point and initial itinerary

¢ the number of publicists each topic node launches. Each
publicist is given an initial itinerary at random.

The model then evolvesin discrete steps. At each step:

o ferretsat anode
- examine the node to see if the topic is present or not
- can exchange information with other ferrets present at
the node
- can obtain the home site of any publicist present at the
node
« ferrets and publicists are moved to the next node on their
itineraries
- a ferret stops travelling (and returns home) when it
reaches the end of it'sitinerary
- apublicist starts again at the beginning of it'sitinerary
when it reaches the end
By choosing appropriate initial values for the model we can
observe the average success rate of the ferrets and their average
path lengths.

4.2 Prototype
The prototype of the AgentSeek system seeks to model the



activity of ferret, publicist and guru agents operating on the
WWW. The prototype is implemented using the same
technology (the AgentSpace mobile agent system) as the full-
scale AgentSeek system. The prototype however differs from
the final full-scale system in several important aspects:

i) - The agents are restricted to alimited number of work-
stations (10 - 30).

ii) - Noreal webservers or webpages are used, instead the
action of awebserver is simulated by the use of a static
agent which can tell other agents how many pagesit has
on agiven topic. Since no real webpages are involved,
no automated categorisation of subject takes place.

iii) Dueto the use of simulated webservers, the distribution
of pages and subjects between those servers has been
simulated as well. In simulating this, it was assumed
that pages on a given topic are clustered on certain serv-
ersrather than being randomly distributed.

iv) The agents do not carry any real information about.
They simply know that they are looking for or advertis-
ing aparticular Dewey classmark. They record the
number of servers visited, agents met and whether or
not these matched the topic they sought.

v) The matching take place when a publicist arrives on an
agentserver and promptly informs every other agent
there present about the topic it seeks.

By using actua agents, the random meetings between
agents are simulated in a timescale not untypical of the real
scenario being simulated.

4.3 Experimental results
A series of experiments was performed with the aims of;

i) testing the validity of the simulation

ii) gaining an understanding of how agent population size
and interaction strategy affect the efficiency of the sys-
tem.

Details of the experiments and their results have been given
elsewhere [2], but the findings can be summarised thus:

i) Results obtained from the prototype and the simulation
running under identical conditions are comparable. This
implies that the numbers from the simulation can be
trusted.

ii) The approach does work. The agents will locate the
resources they seek.

iii) The system will achieve useful resultsin ausable times-
cale.

iv) Thevariousinteraction strategiesfall into 2 categories,
ones which obtained an efficiency of ~10% (each ferret
discovered 10% of the relevant pages available) and a
second which obtained 80-90%. The significance of this
result to the development of AgentSeek is explained in

the following section.

5.IMPROVING SYSTEM PERFORM -
ANCE

5.1 Improving altruistic behaviour

To be aviable aternative to current search technology, the
number of agents and time taken to perform high quality
searches must be minimised. To do this, the path that an agent
must traverse to find the information it seeks (the number of
steps in agentspace that an agent is from its desired target) must
be reduced. Result iv) in the previous section showed that the
most effective interaction strategies are the ones where agents
swap al or most of their information, i.e. altruistic rather than
selfish behaviour.

The thrust of current work is to further develop the
prototype system by implementing atruistic behaviour. One
practical problem behind this is that anyone who has sent out a
publicist, might be (justifiably) annoyed if that publicist had a
part in publicising arival site on the same topic. For this reason,
atruistic publicists will probably not be implemented in the
final system. One possible solution is to factor the altruistic
behaviour out of the ferrets and publicist completely and let it
reside solely in the guru agents. The required relative
populations size to make this strategy effective is the subject of
acurrent simulation study.

Other means of increasing the probability of agents with
common interests meeting also revolve around guru behaviour.
Possible strategies include:

i) Introducing alevel of indirection into the system in the
form of gurus which can remember other gurus

ii) Using specidlist gurus, i.e. ones that remember only
agents with certain interests? - The hierarchical nature
of the dewey decimal coding system used in the proto-
type leads to the possibility of organising the gurusin
some hierarchy whereby if aguru doesn’t know about a
particular area of interest it can passthe query upto a
higher level guru.

iii) Using mobile gurus that, spread knowledge as they go.

5.2 Replication, Breeding and Population
Dynamics

An as yet uninvestigated possibility is to alow agents to
spawn other agents. Agent’sitineraries tend to grow as an agent
learns the whereabouts of more relevant sites via negotiation
with other agents. Once an agent has a sufficiently large
itinerary (list of sites to visit) it would be possible for an agent
to clone itself with each resulting agent handling half of the
itinerary.

One suggestion is to alow agents that have been
particularly successful to somehow breed, presumably by
merging their knowledge and then replicating, whilst
terminating others which have itineraries that have faled to
allow them to pass on their knowledge.

Such behaviours would endow the system with if not
intelligence at least some form of adaptivity which may be



beneficial to performance. The performance of such a agent
system is as yet unknown (both in terms of population
dynamics and effectiveness) but should be amenable to study
by simulation techniques.

6. CONCLUSION

The “ferret, publicist, guru” paradigm for searching the web
islikely to work. The variablesin the scenario are manifold and
some kind of “what if” anaysis needs to be performed on
severa more competing interaction strategies before an
implementation of the full system can take place

The exchange of information between agents is a “ mixing
phenomenon.” The more information that is passed around the
system, the more likely it is that a given agent can satisfy its
goals. More simulation work is required to develop more
effective interaction strategies. One possible strategy that will
be investigated is to devolve al “dtruism” in the system to
specialist guru agents.

The practise of simulating an agent based system before
fully implementing it has proved extremely valuable in gaining
insight into the system’s behaviour.

Other future work will include implementing the full
system and generalising the design into a pattern for any
scenario where two agents are attempting to meet - an “ agent
dating agency” pattern.

7.OBTAINING THE SYSTEM

AgentSeek [4] and the underlying toolkit AgentSpace [3]
are both available for downloading from their respective
websites.
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